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Abstract: Spat collectors deployed at sea, in addition to the target species, attract also many larvae of accompanying species, which 
die after transplanting the cultivated one into cages. However, these juveniles often have a higher value than the cultivated species, 
and their mortality is caused by smaller sizes. These are: red king crab, Japanese sea cucumber, sea urchins, Japanese cucumaria and 
several species of ascidians and sponges. However, the use of a realized niche, rather than a fundamental one, in selecting the area 
and depth to install collectors, and also improvement of their design, make it possible to cultivate a target species without reseeding 
to other constructions. This not only facilitates the cultivation process, but also increases the survival rate of the cultivated and 
accompanying species, since at the bottom, they reach either marketable or viable size in comfortable conditions. 
 
Keywords: Collector-cage, Patinopecten (Mizuhopecten) yessoensis, Apostichopus japonicus, Paralithodes camtschaticus, 
Scapharca broughtoni. 
 

1. Introduction 

The technology for cultivation of the scallop 

Patinopecten yessoensis, originally borrowed in Japan, 

has a labor-intensive operation: transplantation of the 

young from collectors to cages in autumn [1]. 

Depending on productivity of the year, 30% to 50% of 

young scallops are lost during this above-water 

operation [2], and the survived individuals experience 

stress that results in a slowdown of their growth and 

causes a “ring of interference” to form on their shell. 

The species accompanying the scallop, even when 

they get onto the bottom, almost all die due to their 

small size. This phenomenon was long given the term 

“ecological trap” [3]. The labor intensiveness of this 

technology makes it unprofitable both in Russia [4] 

and in Europe [5]. The studies aimed at optimizing the 

cultivation process [6-13] and reducing the number of 

scallop reseeding operations [14] have been conducted 

for a long time. 

P. yessoensis that have reached one year of age in 

collectors or cages are often reseeded onto the bottom, 
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where they become exposed to many negative factors 

contributing to their low survival. The experiments for 

the study of realized niche in scallop and the tests of 

the new design of the collectors set on the bottom 

allow us to improve the borrowed technologies and 

avoid above-water operations with bivalves. The goal 

of this work is to find the opportunities of growing 

some commercial bivalves to a marketable size 

without transplantation. 

2. Materials and Methods 

To achieve this goal, the optimum time for immersing 

the collectors in order to create the optimum number 

of young scallops in them was determined first. The 

determination began with the study of dynamics of the 

gonadal index in spawners. Every ten days, starting 

from the mid-May to late-June, 1977-1990, a total of 

25-30 scallops were collected by divers in Minonosok 

Cove of Possyet Bay (42°36’ N, 130°51’ E ) (Fig. 1), 

and their total weight, weight of soft tissues, muscle 

and gonads of the scallops were measured with an 

accuracy of ± 0.02 g. A similar work was carried out 

in 1985-1987 in open Kit Cove (43°31’ N, 134°11’ E). 

The gonadal index of scallops was estimated by the 
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Fig. 1  Study area: St. 1-Minonosok Cove, St. 2-Kit Cove. 
 

method of Ito, S. and co-authors [15]. The timing of 

the onset of spawning in bivalves was determined as 

an abrupt decrease, by 9-12%, in the gonadal index. A 

week after spawning, plankton samples were collected 

with an Apstein net every two to three days from the 

horizon 0-10 m at one or three stations in Minonosok 

Cove and during four years at five stations in Kit 

Cove in 1977-1999. The mesh size of the mill screen 

was 100 μm. Plankton samples were fixed with 4% 

formaldehyde. Larvae were counted and measured in 

Bogorov’s chamber under a MBS-10 microscope; 

number of larvae was expressed per 1 m3. After the 

scallop larvae reached 250 μm, three strings of 

collector-cages [16] with the mesh diameter of 5 mm 

were installed on the bottom of Minonosok Cove for 

three years. In addition, a few collector-cages were 

suspended at the cultivation facilities located in 

Minonosok Cove. In the algal plantations located 

north of Kit Cove, the collector-cages with a usual 

netting cover (mesh size 5 mm) and a cover with a 

mesh size of 15 mm were suspended. In 1993, a 

collector-cage with the same netting cover was hung 

at a scallop farm in Minonosok Cove. After four 

months and in the spring of each year, as well as in the 

autumn of the second year, the collectors and the 

collector-cages were hauled up to the surface, cleaned 

of fouling organisms, and live and dead individuals of 

invertebrates were counted. At least 100 individuals of 

each species in each collector were measured with a 

vernier caliper to an accuracy of ± 0.1 mm. A major 

amount of the work on scallop cultivation was 

conducted in 1977-1996 in Possyet Bay and in 

1985-1988 in Kit Cove. The obtained data were 

analyzed statistically using the program STATISTICA 

6.0 [17] and tested at the level of α = 0.05. At the 

measured animals counted up of average arithmetic 

and an error. 

3. Results and Discussion 

A collector-cage designed in 1981 for collecting 

and on-growing the scallop Patinopecten yessoensis 

has the interior partitioned into cones with platforms 

that protect bivalves from falling down and creating a 

high density there (Fig. 2). This reduces competition 
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among bivalves and increases their survival and 

growth rates in comparison with those observed in 

constructions of the Japanese design [18]. In spite of 

the small mesh size of the netting cover of the 

collector-cages (5 mm) set up at the bottom, most P. 

yessoensis in them reached commercial size within 

three years; the growth rate of the commercial species 

Chlamys nipponensis (Fig. 3) was slightly lower. In 

the case the mesh size of the cover is increased to 15 

mm, P. yessoensis in the warm-water Minonosok 

Cove reaches 84.1 ± 1.7 mm for three years; in the 

cold-water Kit Cove, 82.3 ± 1.8 mm. However, the 

survival  rate  of  the  warm-loving  species  C. 

nipponensis in warm-water Minonosok Cove was 

generally higher than that of the cold-loving P. 

yessoensis. It is worth noting that the slow-growing 

species found settled on the collector-cages (both r- 

and K-strategists) showed a higher survival rate than 

the commercial species (Fig. 4). For three years of 

being  under  water,  Japanese  sea  cucumber 

(Apostichopus japonicus), ascidians and sponges 

reach a marketable size in them. Within the first year, 

sea cucumber comes out of the collectors and either 

continues on it or detaches and moves to the bottom. 

Red king crab (Paralitodes camtschaticus) can also 

leave the collectors during molting. For three years of 

living on them, it reaches 31.8 ± 5.1 mm in carapace 

width, while sea urchins (Strongylocentrotus nudus  
 

 
Fig. 2  Collector-cages before immersing in the sea. 
 

 
Fig. 3  Rates of growth of bivalve molluscs in collector-cages. 
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Fig. 4  Survival rate of bivalve molluscs on collector-cages. 
 

 
Fig. 5  Rates of growth of invertebrate in collector-cages. 
 

and S. intermedius) become of a viable size (Fig. 5). 

The abundance of A. japonicus on collectors reaches 

50 ind./m2; P. camschaticus, 4 ind./m2; S. intermedius, 

25 ind./m2; Cucumaria japonica, 3 ind./m2; Styela 

clava, 60 ind./m2; Scapharca broughtoni, 2 ind./m2. 

Predators and species accompanying the scallop 

exert a substantial impact on the cultivated object and 

on marine cultures [19-21]. However, our technology 

is supported by the fact that the animals and plants 

within the collector-cages create a multicultural 

community: mollusks, seaweed, shrimp and sea 

urchins produce DOM (Dissolved Organic Matter) 

used as food by bacteria [22] and phytoplankton [23, 

24], on which bivalves actively feed [25, 26]. 

Cultivated mollusks are often resistant to fouling [27] 

and use mechanisms to protect themselves against 

predators [28], with some fouling organisms assisting 

them in this [29]. 
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Some predators can have an adverse effect both on 

competitors of the scallop [30-32] and on other 

predators [33]. In addition, larvae of main scallop 

competitors such as the bay mussel Mytilus trossulus 

and the Japanese scallop Chlamys nipponensis, as well 

as the predatory seastar Asterias amurensis, settle in an 

upper horizon [34]; the productive years for M. trossulus 

and Ch. nipponensis mostly do not coincide with those 

for P. yessoensis [35]. Competitors tend to settle at 

other times, which can also be used to optimize the 

contents of collectors [10]. Touching the bottom with 

only the load (anchor), as well as the use of netting 

cover of the collector, prevents colonization of bivalve 

shells by drilling Polydora polychaete worms and 

barnacles, which retard the growth rate of bivalves at 

the bottom [36, 37]. The anchored position of collectors, 

in contrast to a hanged culture, reduces stress in 

cultivated species and increases the growth and survival 

rates in bivalves [38]. By the second and third years, 

much fewer invertebrate larvae settle on collector-cages 

[39]; the main competitor of the scallop, M. trossulus, 

does not live for more than two years in Possyet Bay 

[40]; and the overlapping cones in the inner part of 

collector prevents predators from moving in it. 

4. Conclusion 

These materials allow authors to draw a conclusion 

that aquaculture of bivalve mollusks provides the 

opportunity of obtaining a product without a damage 

to valuable accompanying species, and that the grown 

out bivalves will have a higher taste quality and useful 

properties, as they are cultivated in a natural 

environment. 
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